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SUMMARY 
Willows growing in a north central Michigan wetland were found to be ectomycorrhizal throughout 
the 1978 growing season on each of two sites (one water-saturated, one relatively drier). Each site was 
dominated by a mix of sedges (Carex spp.) and willows (Salix spp.). On both sites, phosphorus was 
added at two levels (20 or 200kg P ha -1) to simulate potential inputs from the disposal of 
secondarily-treated municipal wastewater. The intensity of willow root infection was determined by 
scoring root tips on a 0 to 4 scale based on mantle-, intercellular hyphae-, and root epidermal cell 
characteristics. 
Infection on the wet site remained uniformly heavy in July and August when P was added, but it 
declined significantly during August for control plants at both sites. When water levels increased 
during September, the intensity of mycorrhizal infection increased on control plants on the wet site. 
On the drier site, mycorrhizal intensity decreased on controls and on plants exposed to the highest P 
levels. Between August and September samplings, mycorrhizal intensity increased considerably on 
dry-site controls but did not change on plants exposed to added P. 
INTRODUCTION 
The nut r ien t  dynamics  in freshwater wet land ecosystems have been of increasing 
interest since it was suggested that  wet lands may funct ion as nu t r ien t  traps to 
prevent  eu t rophica t ion  s, 6 and  since wetlands have become sites for disposal of 
secondari ly- treated sewage effluent 19. Phosphorus  (P) dynamics  in wetlands 
have been of par t icular  interest since P is involved in a complex biogeochemical  
cycle which is poorly unders tood.  Wet land  plants  may  play an impor t an t  role in 
P cycling and  numerous  studies have described parts of phosphorus  cycles in 
wetlands based in par t  on  observed changes in P concent ra t ions  in plant  tissues, 
p lant  uptake  of P, and  biomass changes 9'16. Other  studies have described 
wetland p lant  responses to applied P 12, 20, however, very few studies of wet land 
nut r ien t  dynamics  have considered the occurrence or role ofmycorrhizas.  Others  
have suggested that  as phosphorus  concent ra t ions  increase in soils, the intensi ty 
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of mycorrhiza formation decreases 7. Since willows are one of the major woody 
plants in northern freshwater wetlands, and since little is known about wetland 
willow mycorrhizas, this study was initiated to observe seasonal changes in the 
occurrence and structure of willow mycorrhizas and to determine the effects of 
added phosphorus on wetland willow mycorrhizas. 
M E T H O D S  
Site description 
The s tudy  sites were located in a 716 ha  fen sou thwes t  of H o u g h t o n  Lake  in R o s c o m m o n  County ,  
Michigan.  This  wet land  was chosen  as it has  been the object  of cons iderable  ecological  
s tudy  2,15,16,1 a, 19, 2o and  it is cur ren t ly  being used as a d isposal  site for secondar i ly- t rea ted  munic ipa l  
wastewater .  The vegeta t ion  and  hydro log ic  charac ter i s t ics  of this  we t l and  (fen) have  been extensively 
descr ibed in the above  references. A sedge and  wi l low vegeta t ion  cover  p r edomina t ed  on the sites 
used  in this  s tudy,  and  peat  soils ranged  f rom 0.5 to 1.5 m in depth.  The  peat  was under la in  by sand and 
clay. T h r o u g h o u t  the study,  the pH of in ters t i t ia l  wa te r  r anged  from 5.7 to 6.9 at  a 25 cm dep th  and 
redox po ten t ia l s  ranged  from - 160 to + 10 mV at  25 cm depths.  
One  s tudy  site was located in a re la t ively wet  area  where peat  r emained  wa te r - sa tu ra ted  th rough-  
out  the summer ,  A second site was loca ted  at  a s l ightly higher  e levat ion  and  was somewha t  dr ier  
such tha t  water  levels d ropped  to an average  of 5 cm below the peat  surface in mid-summer .  Nei ther  
site was affected by  o ther  s tudies  in progress  on the wet land  (sewage effluent addi t ions ,  mainly).  
Table  1. Effects of season, site, and  phosphorus  [20 (low) or 200 (high) kg  P . h a -  1] on wet land  wil low 
mycor rh izas*  
Wet  site Dry  site 
Con t ro l  Low P High  P Con t ro l  Low P High  P 
July 2.71 ab 2.79 ab 2.83 "b 2.96 ab 3.11 ab 3.20 b 
Augus t  1,86 a 2.60" 3,00 ~b 1.25 a 2.20 ~ 2.00 a 
Sep tember  3.30 b 3.25 b 3.30 b 3-30 b 2.44 a 2.67 "b 
* Numbers represent mean scores ofmycorrhizal intensity (n > 20). Scoring was based on the following scheme: 
0 = No intercellular or external hyphae observed in light- or electron microscopy. Roots determined to be non- 
mycorrhizal, 
1 = Some external hyphae but very little intercellular penetration observed in light- and electron microscopy, but 
other indications of ectomycorrhiza not observed. 
2 - Definite mantle observed in electron microscopy. Some intercellular hyphae visible in light microscopy, b.ut not 
extensive. 
3 = Definite mantle observed in electron microscopy. Considerable intercellular hyphae and slight epidermal cell 
elongation noted in light microscopy. Many more cortical cells surrounded by hyphae than in specimens given 
a 2 rating. 
4 = Very organized mycorrhizas observed in light- and electron microscopy. Observations include thick and 
extensive mantle, extensive intercellular hyphae, and pronounced epidermal cell elongation. 
Numbers with the same superscript letter are not significantly different (p _< 0.05). 
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M ycorrhizal assessment 
Roots from a single willow species were excavated and collected from each site at monthly intervals 
from May through September, 1978, and roots were prepared for immediate light microscopy using 
lactopheno113. Other root samples were fixed in FAA 8 and either thin-sectioned in paraffin and 
stained for light microscopy 8 or dried by a critical-point method 1, coated with gold-palladium, and 
viewed in the secondary emission mode of a JEOL JSM-U3 scanning electron microscope. 
Mycorrhizal infection intensity was assessed by viewing root segments or cross-sections with light- 
or scanning electron microscopy. A numerical value was assigned to samples based on mantle-, 
hyphal-, and epidermal cell characteristics as described in Table 1. At least 20 root tips were scored for 
each sampling. Data were analyzed by using a Kruskal-Wallis one-way ANOVA17. 
Phosphorus addition 
Six plastic tubs (20 cm deep, 35 cm diameter) were buried on each study site and filled with excavated 
clumps of a single willow species in late May, 1978. Numerous small holes in the bottom of these tubs 
allowed water levels to fluctuate with those of the wetland. Phosphorus was added as K H 2 PO4 in 
solution to provide the following treatments: Low P-20 kg P.ha- 1, high P-200 kg P.ha- 1, and control 
- no P added. A plexiglas tube was used to collect peat cores (2 cm diameter, 20 cm depth) from each 
bucket at monthly intervals from July through September. Willow root tips were collected throug- 
hout the core and handled as described above. 
RESULTS A N D  D I S C U S S I O N  
Occurrence of willow mycorrhizae 
Although several studies have reported that  flooded conifers and  wet land plants  
in wet env i ronment s  are generally non-mycor rh iza l  3,11, t4, and a l though inter- 
stitial water at our  study sites was very anaerobic  as indicated by the negative 
redox potentials,  we found willows in the H o u g h t o n  Lake wet land to be consis- 
tently ectomycorrhizal  th roughout  the growing season. O ur  findings are similar 
to those of F o n t a n a  4 who examined 14 species of willows in Italy and  found all to 
be ectomycorrhizal ,  however F o n t a n a  did not  observe wet land willows. 
In  this study, ectomycorrhizas  collected from the con t inuous ly  wet site in May  
and  September had macro-  and  microscopic differences compared  to those 
collected from the relatively drier site. Roots  collected from the wet site generally 
had better Har t ig  net development  and  darker  colored mant les  than  did roots 
from the drier site, a l though roots from both  sites had thick mant les  and  
elongated epidermal  cells. Roots  collected in July and  August  were not  different 
with respect to site. 
The intensi ty of mycorrhizal  infection decreased somewhat  in late summer  
(August) on  roots from both  sites, but  it increased again in September as 
determined by scoring of root  tips (Table 1, Controls).  Some roots had extensive 
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hyphal development in early fall (Fig. 1). Non-mycorrhizal root tips were most 
easily identified by use of the SEM at high magnification. In a number of cases, 
root segments appeared to be non-mycorrhizal at 200 • but when viewed at 
1000 x or higher, a well-developed mantle with few protruding hyphae could be 
seen (Figs. 2A, B). At higher magnifications such mycorrhizal roots were easily 
distinguished from non-mycorrhizal roots (Fig. 2B). At least some of the fungi 
involved in willow mycorrhizae were Basidiomycetes as evidenced by the fre- 
quent presence of clamp connections (Fig. 3). 
Effects of added phosphorus 
Most roots in all treatments were ectomycorrhizal throughout the growing 
season, but ratings of the intensity of mycorrhizal infection varied significantly 
Fig. 1. Willow root showing extensive external hyphae; collected from the wet site in September 
(300 • ). 












~ 2  
09 
" ~  09 





c - i  
470 PAUL E. MARSHALL AND NANCY PATTULLO 
Fig. 3. High magnification of willow root showing clamp connections; collected from the wet site in 
September (5000 • ). 
(p < 0.05) among sampling dates and among treatments (Table 1). On the wet 
site, roots of control plants were less intensely mycorrhizal in August than in July 
or September, but this late summer decline was not observed in roots exposed to 
added phosphorus. On the relatively drier site, mycorrhizal intensity of roots of 
control plants dropped in August, but it also dropped on roots of both treatments 
where P was applied. Infection intensity increased again in September for 
controls, but it did not significantly increase when P was applied. No difference in 
mycorrhizal intensity was observed between the two levels of added phosphorus 
(Table 1). 
The phosphorus addition could have affected mycorrhizal intensity in several 
ways. Increased phosphorus availability could have stimulated late-season root 
elongation rates such that vigorous roots may have outgrown the fungi as 
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described by Wilcox 2~ and Lamb and Richards 1~ Such roots may become 
infected as the slower-growing fungi penetrate new root tissues. Alternatively, the 
added phosphorus may have increased root vigor to the extent that fungal 
infection was resisted. Since root elongation was not measured and since fall root 
growth was not examined for mycorrhizal development the following season, we 
have no basis to speculate the cause of the observed responses to phosphorus. 
Our overall conclusion from this work is that if wetland soils were kept wet, as 
they would be with sewage effluent additions, added phosphorus had no effect on 
the intensity of mycorrhizal infection in wetland willow. 
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